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INTRODUCTION

This report is one of a series of publications prepared by the USGS (U.S. 
Geological Survey) as part of AMRAP (Alaska Mineral Resources Assessment 
Program) to provide the public with information on the mineral resources of 
Alaska. This report presents the analytical results and geochemical summaries 
of rock samples collected in the Anchorage 1:250,000-scale quadrangle, 
southern Alaska, and in nearby parts of several adjoining quadrangles. Two 
companion reports (Madden, 1988a,b) present the map distributions and 
interpretations of geochemical data from stream sediments and concentrates. 
The chemical analyses for those samples are available in Arbogast and others 
(1987). A third map (Tripp and Madden, 1988) presents information of the 
mineralogy of panned concentrates in the quadrangle.

Rock samples were collected by U.S. Geological Survey personnel between 
1965 and 1985 in the Anchorage quadrangle (fig. 1), as well as in the 
adjoining Seward, Valdez, and Talkeetna Mountains quadrangles. During 
collection, grab samples of various sizes were taken on unmineralized outcrops 
to determine background compositions of rock units, on mineralized outcrop to 
identify the composition of mineralization, and in mines, prospects, and on 
mine dumps to determine which geochemical suites of trace elements are 
enriched in mines.

Geologic Setting

The Anchorage 1° x 3° quadrangle in southern Alaska contains a variety of 
lithologic units of different ages, which display a variety of deformational 
styles (fig. 2). These units record a complex geologic and tectonic 
history. As with much of southern Alaska, this area has been interpreted as 
consisting of accreted lithotectonic terranes.

Lithotectonic terranes are fault-bounded structural blocks which contain 
distinctive and unique geologic records that are different from each other and 
from the rest of North America (Silberling and Jones, 1984). Three 
lithotectonic terranes occur in the Anchorage quadrangle: the Peninsular, 
Chugach, and Prince William. The Peninsular terrane lies north and northeast 
of Anchorage in the southern Talkeetna Mountains and the Matanuska Valley; the 
Chugach terrane lies east of Anchorage in the Chugach Mountains; and a small 
area of Prince William terrane lies in the southeastern corner of the 
quadrangle in Prince William Sound. These three terranes are thought to be 
parts of allochthonous crustal blocks which accreted to southern Alaska during 
mid-Cretaceous to early Tertiary time (Plafker and others, 1977; Csejtey and 
others, 1978; Tysdal and Case, 1979).

The Peninsular terrane is bounded by an unnamed but very distinctive 
shear zone to the north in the Talkeetna Mountains quadrangle (Csejtey and 
others, 1978) and by the Border Ranges fault system to the south. Between its 
fault boundaries, the terrane contains a number of rock units including bedded 
volcanic and sedimentary rocks and intrusive rocks of the Talkeetna Mountains 
batholith ranging in age from Early Jurassic to Tertiary, and metamorphic 
rocks ranging in age from Paleozoic(?) to Jurassic (Csejtey and others, 1978; 
Pavlis, 1983). The older rock units of pre-mid-Cretaceous age are interpreted 
as allochthonous, and the younger bedded rocks are interpreted as post- 
accretionary deposits (Silberling and Jones, 1984). The post-accretionary 
deposits cover much of the Peninsular terrane in the eastern part of the 
Anchorage quadrangle.



Figure 1. Location map of the Anchorage quadrangle and adjacent quadrangles



Figure 2. Generalized lithotectoic terranes and major fault boundaries in the 
Anchorage 3° quadrangle, southern Alaska.



The Chugach terrane is bounded by the Border Ranges fault system to the 
north and by the Contact fault system to the south. Between the fault systems 
are two metamorphic rock units, a landward melange called the McHugh Complex 
and a seaward flysch sequence called the Valdez Group (Plafker and others, 
1977).

The McHugh Complex crops out in a discontinuous band on the south side of 
the Border Ranges fault system. The complex consists of mafic metavolcanic 
and metaclastic rocks, bedded chert, and minor lenses of limestone that are 
chaotically faulted together and metamorphosed to prehnite-pumpellyite facies 
(Clark, 1973). The ages of dated blocks in the McHugh range from Late 
Paleozoic, based on a Pennsylvanian fusilinid, to mid-Cretaceous based on 
Albian or Cenomanian radiolarians (Clark, 1973; Winkler and others, 1981). 
The age of accretion of the McHugh Complex is late Early Cretaceous, younger 
than the ages of the youngest blocks and older than cross-cutting plutons of 
trondhjemite that yielded Late Cretaceous ages (103 Ma, U-Pb age of zircon; 
110 Ma, K-Ar age of muscovite; and 125 Ma, K-Ar age of hornblende) (Pavlis, 
1982; G. R. Winkler, pers. commun., 1986). The McHugh Complex structurally 
overlies the Valdez Group along the Eagle River thrust fault.

The Valdez Group was accreted to southern Alaska in Late Cretaceous or 
early Tertiary time. The time of accretion is later than the Maestrichtian 
age of the youngest fossils from the Valdez Group and may have coincided with 
the age of metamorphism of the Valdez Group. Metamorphism occurred between 
47.9 Ma and 53.5 Ma (Winkler and others, 1984; Winkler and others, 1981; 
Hudson and Plafker, 1982). The Valdez Group consists mostly of rhythmically 
interbedded graywacke, siltstone, and argillite and minor pebble conglomerate 
which are interpreted as turbidites. In addition to turbidites, the Valdez 
Group includes interbedded hemipelagic and pelagic sedimentary rocks, tuff, 
and pillow basalt outside of the Anchorage quadrangle (Winkler and others, 
1984). No stratigraphic thickness has been estimated for the Valdez Group in 
the Chugach Mountains, however correlative strata to the southeast on Sanak, 
Shumagin, Afognak, and Kodiak Islands have been estimated to be 3-5 km thick 
(Moore, 1973; Nilsen and Moore, 1979). The age of deposition of at least part 
of the group is Campanian(?) and Maestrichtian according to megafossils (Jones 
and Clark, 1973). Following its deposition, much of the group was meta 
morphosed to lower to middle greenschist facies, though metamorphic grade 
ranges from prehnite pumpellyite to amphibolite facies (Winkler and others, 
1984).

The upper Pal eocene through lower middle Eocene Orca Group of the Prince 
William terrane is similar in lithology to the Valdez Group (Plafker and 
others, 1985; Nelson and others, 1985). The Orca consists of 6-10 km of 
interbedded graywacke, siltstone, and shale with local conglomerate and mafic 
sheeted dikes, pillow basalt, and minor gabbro and ultramafic rocks (Nelson 
and others, 1984). The northern boundary of the terrane is the Contact fault 
system, which is a series of northward-dipping thrust faults. Local 
differences in structural trend between the Valdez and Orca Groups occur 
across the Contact fault (Nelson and others, 1984).

Mineral Occurrences

The geology and tectonic history in the Anchorage quadrangle has included 
the formation of several types of mineral occurrences. These formed in a 
variety of geologic environments and they are characterized by different 
geochemical signatures. Gold is historically of greatest economic interest in 
the quadrangle. Gold has been produced from quartz veins and placer



deposits. The two main lode and placer gold-mining districts are Willow Creek 
in the Peninsular terrane in the northwestern part of the quadrangle, and 
Girdwood in the Chugach terrane in the southwestern part of the quadrangle. 
Lode-gold production in the Willow Creek district, between 1909 and 1950, was 
623,874 ounces (Dorff, 1984); and total gold production in the Girdwood 
district, through 1982, was 49,000 ounces (Hoekzema, 1984). A smaller gold 
district is Alfred Creek, which is a placer-mining area in the Peninsular 
terrane in the northeastern part of the quadrangle. Gold production in the 
Alfred Creek area from 1911 through 1913, was only 70-75 ozs (Martin and 
Mertie, 1914). More recent figures are not available, but seasonal mining 
operations were active during this study.

The Peninsular terrane contains (1) deposits of podiform chromite in 
alpine peridotite of the Wolverine Complex of Garden and Decker (1977) and the 
informally named Eklutna (ultramafic) complex of Clark and Greenwood (1972);
(2) mineralized breccia zones containing gold, silver, chalcopyrite, and 
galena in gossan zones and as disseminations near the Nelchina Glacier; and
(3) mesothermal gold-quartz veins in the Willow Creek gold-mining district. 
In addition, the terrane contains the geologic setting for Kuroko-type 
massive-sulfide and porphyry-copper mineralization in andesitic submarine 
volcanic rocks of the Talkeetna Formation. The Talkeetna Formation represents 
the remnants of an Early Jurassic volcanic arc, and it contains a mineral 
occurrence on Sheep Mountain which has been suggested to be a porphyry deposit 
(MacKevett and Holloway, 1977).

In the Peninsular terrane, the major mining district is Willow Creek. 
Geochemical analyses from gold and soapstone mines are shown in rows 944-1100 
(table 5). The Willow Creek gold-mining district occurs along the 
southwestern margin of the Talkeetna batholith, where mineralized veins (56-66 
Ma) lie along shears and faults cutting a body of Cretaceous and Tertiary 
tonalite and adjacent Jurassic(?) schist (Csejtey and others, 1978; Silberman 
and others, 1979; Madden and others, 1987). The largest lode mine is in the 
tonalite and the largest placer mine is just downstream from the contact 
between the schist and tonalite. Geochemical suites differ between gold- 
bearing veins in the tonalite and schist as follows: veins in the tonalite 
are enriched in Au, As, Ag, Hg, Pb, and W; in contrast, veins in the schist 
contain lower Au, Hg, and Pb; higher Ag and Zn; and no anomalous W (Silberman, 
1986, personal commun.). The veins in tonalite contain gold, pyrite, 
arsenopyrite, and minor chalcopyrite, galena, sphalerite, scheelite, and 
telluride minerals (nagyagite) in veins of banded quartz and in gouge zones of 
sheared, silicified, and argillically altered diorite, clay, and quartz-vein 
fragments (Ray, 1954; Dorff, 1984). Little is known about the mineralogy of 
veins in the schist, except that they contain gold and generally very little 
quartz.

Also within the Peninsular terrane, we found weakly mineralized zones of 
disseminated sulfides during this study. These zones are several miles 
northeast of Puddingstone Hill, in two tributaries to Boulder Creek. 
Geochemical analyses of rocks collected from these zones are shown in rows 
1101-1109 (table 5). The mineralized zones lie along fractures in the Lower 
Jurassic Talkeetna Formation, near fel sic and mafic plugs of Tertiary age. 
The age of the mineralization is unknown. Mineralization could be Early 
Jurassic and syngenetic with the andesitic submarine volcanic and 
volcaniclastic rocks or, alternatively, it could be a later phenomenon 
associated with Tertiary igneous activity. The mineralized rocks contain 
anomalous Au (0.1 ppm), Ag (10 ppm), Sb, Bi, Cu (2 percent), Pb (5000 ppm), Zn 
(3000 ppm), Cd, and Mo.



To the south of the Border Ranges fault, in the Chugach terrane, the 
metasedimentary flysch sequence called the Valdez Group contains minor mafic 
volcanic rocks and is cut by felsic stocks and plugs of anatectic origin 
(Hudson and Plafker, 1975). In the metasedimentary flysch, gold-bearing 
quartz veins have been interpreted to be metamorphic deposits formed from 
ascending metamorphic fluids (Goldfarb and others, 1986). To the south, 
massive-sulfide deposits occur in mafic volcanic rocks and associated 
metasedimentary rocks of the Prince William terrane (Nelson and others, 1984; 
Nelson and others, 1985).

In the Chugach terrane, some gold-bearing quartz veins are near or in 
granitic stocks and others occur in metasedimentary rocks of the Valdez Group, 
far from exposures of plutonic rocks. Gold-bearing quartz veins occur 
peripheral to and cutting granitic stocks in the Girdwood mining district in 
the southwestern part of the quadrangle. Park (1933) called the plutonic 
rocks "irregular, pipe-like, intrusive rocks", and he said that the most 
prominent vein deposits all are grouped around the intrusions in a small area 
in the headwaters of Crow Creek. The veins generally contain quartz and 
calcite, and minor amounts of sulfide minerals including arsenopyrite, galena, 
pyrite, sphalerite, chalcopyrite, and gold. The suite of elements that are 
enriched in the veins includes Au, As, Cu, Sb, Hg, Pb, Zn, and Ba. The Crow 
Creek placer deposit, below the Girdwood lode, is one of the largest placer- 
gold producing stream in south-central Alaska (Hoekzema, 1984). Approximately 
70 km to the northeast, structurally on strike with the Girdwood district, 
lies a more remote, metalliferous area called Metal Creek. Placer deposits in 
Metal Creek contain gold, silver, and platinum minerals (Cobb, 1979), as well 
as scheelite, which is nearly ubiquitous in the Chugach terrane in the 
Anchorage quadrangle (Tripp and Madden, 1988). The Metal Creek drainage 
exposes metasedimentary rocks of the Valdez Group and metasediments and 
greenstone of the McHugh Complex. The Valdez Group is intruded by a stock of 
quartz diorite and by felsic dikes. Gold once was thought to have come from a 
granitic stock at the head of Metal Creek (Landes, 1927), but it now appears 
to have more than one source (Tripp and Madden, 1988).

In the upper part of Grasshopper Valley, to the east of Metal Creek, is a 
linear series of stocks of quartz diorite found during this study. The series 
of stocks lies along a linear northeast trend, parallel to the axis of a 
large, gentle fold with a southwest trending axis and km-scale wavelength 
(G.R. Winkler, written commun., 1982). Each stock is surrounded by weakly 
mineralized, iron-stained zones of metasedimentary rocks of the Valdez 
Group. These mineralized zones contain quartz veins enriched in silver, 
copper, molybdenum, arsenic, and containing traces of gold. Geochemical 
analyses of rocks collected from these zones are shown in rows 1110-1159 
(table 5). Past study (Richter, 1967) of one stock located far downstream 
from the others suggested that the stock and its surroundings were not rich 
enough to explore further. However, since Richter's study, we have found more 
stocks and mineralized zones farther upstream.

Nelson and others (1984) found areas favorable for gold in a wide band 
north of the Contact fault system in the Valdez Group, and in the Girdwood and 
Crow Pass area. In these favorable areas, Au, Ag, and less consistently As 
and Sb are enriched in the nonmagnetic, heavy-mineral concentrates. In the 
Crow Pass area of the Girdwood district, they also found indications of base- 
metal veins in concentrates enriched in Zn, Ba, and Co and containing 
chalcopyrite, sphalerite, galena, and barite. Additional indications of base- 
metal-bearing veins were found on Harvard and Yale Glaciers. To the west, 
mineralized quartz veins occur in graywacke on Point Doran. To the south,



base-metal-bearing veins may occur in the Orca Group east of Miners Lake 
(Nelson and others, 1984).

In the Prince William terrane, base-metal veins and massive-sulfide pods 
occur in metasedimentary and mafic volcanic rocks of the Orca Group; and veins 
and disseminations of sulfide minerals enriched in Ni, Co, and Cu occur in 
mafic plutonic rocks. However, areas favorable for gold are less common in 
the Prince William terrane than in the Chugach terrane (Nelson and others, 
1984).

ANALYTICAL PROCEDURES

Each rock was analyzed for 31 elements using semiquantitative emission 
spectrography (Grimes and Marranzino, 1968). The analytical values were 
reported as the midpoints of intervals. These midpoints make up a series of 
numbers called steps: 1, 1.5, 2.0, 3.0, 5.0, 7.0, 10.0, 15.0, 20.0 etc. The 
precision of the values generally is within 1 step of the reported value 
approximately 83 percent of the time, or within 2 steps of the reported value 
approximately 96 percent of the time (Motooka and Grimes, 1976). The upper 
and lower limits of determination for each element are shown in table 1. In 
addition to emission spectrography, many of the rocks also were analyzed for 
particular elements using chemical methods listed in table 2. The references 
in table 2 describe these methods.

STATISTICAL SUMMARY

Tables 3 and 4 provide general geochemical summaries of the analytical 
results reported in table 6. Table 3 shows univariate statistical estimates 
for data from all of the samples, and table 4 shows statistical estimates for 
data from samples collected in mines in the Willow creek gold-mining district.

In order to compute the statistical estimates, qualified analytical 
values first were replaced with unqualified, estimated values; next, the data 
were transformed into logarithms; then the statistics were computed. The 
qualified analytical values, which appear in table 6, are as follows: below 
the lower limits of determination are N's (concentrations were not detected) 
and values qualified with < ("less than") (concentrations were observable, but 
less than the lower limit of determination); above the upper limits of 
determination are values qualified with > ("greater than") (concentrations 
were observable, but greater than the upper determination limit). In 
replacing these qualified analytical values, values qualified with N were 
replaced by values equal to one-half of the lower limit of determination, 
values qualified with < were multiplied by 0.7, and values qualified with > 
were multiplied by 1.5. The data then were transformed to logarithms, and the 
statistical estimates were calculated and reported as antilogs. As a result 
of the logarithmic transformation, the error variance of all elements 
decreased and became more homogeneous, and the frequency distributions of the 
trace elements approached normal, symetrical, gaussian distributions. The 
homogenization of variance is indicated by the low values of log variance 
(tables 3 and 4), which are lower than the values for non-log-transformed 
arithmetic data. The normalization of the frequency distributions is 
indicated by the low values of skewness and kurtosis for the trace elements 
(table 3 and 4). They are much lower than the values of skewness and kurtosis 
calculated from arithmetic data.

The univariate statistical estimates in tables 3 and 4 were calculated by 
using the U.S. Geological Survey STATPAC program for Fisher-K statistics



(VanTrump, George, Jr., unpublished computer program, 1982; VanTrump and 
Miesch, 1976). By using an option within this program, we calculated the 
arithmetic means with Sichel's technique (Sichel, 1952). Another option 
within the program allowed us to calculate statistical values for the singly 
censored elements by using Cohen's method on only the unqualified analytical 
values in table 6 (Cohen, 1959). The means, deviations, and variances 
calculated by using Cohen's method appear in parentheses in tables 3 and 4. 
Cohen's geometric means generally are lower, and Cohen's log variances, 
geometric deviations, and arithmetic means generally are higher than those 
calculated by using both the unqualified and the qualified, but replaced, 
analytical values.

DESCRIPTION OF DATA TABLES

In table 5 we have shown information about the rock samples analyzed and 
reported in table 6. This information includes a second set of sample 
numbers, useful for data retrieval, and the rock names of samples which were 
analyzed. It also includes the names of the mines where some of the rocks 
were collected, and it indicates which samples were taken within measured 
stratigraphic sections. We produced table 5 by using a special version of the 
U.S. Geological Survey STATPAC program called Listp (VanTrump, George, Jr., 
unpublished computer program, 1987). Table 5 is arranged so that the rows are 
numbered from 1 to 1198 and the six columns are titled. In the first column 
we have listed the field sample numbers which were assigned during sample 
collection, and in the second column we have listed the corresponding tag 
numbers which were assigned in the laboratory before sample preparation and 
analysis. Only the field numbers appear on the sample-locality maps (pi. 1 
and 2). The corresponding tag numbers are useful in retrieval of the 
analytical data. The third and fourth columns contain latitude and longitude 
in degrees, minutes, and seconds. These can be used to locate all samples, 
including those outside of the Anchorage quadrangle. The fifth and sixth 
columns contain the rock and mine names.

In both tables 5 and 6, the samples from outcrops are listed first, in 
ascending order by field number. Next, the samples from measured 
stratigraphic outcrop sections are listed. Last, the samples from mines and 
known mineralized areas are listed. It is useful to refer to table 5 in order 
to find samples and analytical values listed in table 6.

Table 6 is arranged so that column 1 contains the field number, which is 
plotted on the sample-locality maps (pi. 1 and 2), and columns 2 and 3 contain 
latitude and longitude. The remaining columns contain the concentrations of 
elements reported. In columns 3-31, these concentrations were determined by 
semi quantitative emission spectrometry; in columns 32 and 34-42 (Au, Te, As, 
Cu, Pb, Zn, Cd, Bi, Sb, and Ti), these concentrations were determined using 
atomic absorption; in column 33 concentrations of Hg were determined by an 
instrumental technique; and in column 44, concentrations of F were determined 
using an ion-selective electrode method. All element concentrations are 
reported in parts per million except for Fe, Mg, Ca, and Ti which are reported 
in percent.

Three samples from the Hill soapstone mine (rows 986-990, table 5) were 
analyzed for Au and platinum-group metals by using fire-assay emission 
spectrography (Cooley and others, 1976). Sample W49, a soapstone, contained 
0.001 ppm Au and 0.003 ppm Pd; and sample W49a, a green-colored quartz vein 
containing the mineral millerite, contained 0.001 ppm Pd. Neither sample 
contained detectable Pt, Rh, Ru or Ir with lower detection limits of 0.005,



0.002, 0.200, and 0.100 ppm. Sample W49b, a gray quartz vein, lacked 
detectable gold (to 0.001 ppm) and platinum-group metals.
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TABLE 1. Limits of determination for the emission spectrographic analysis of
rocks, based on a 10-mg sample

Elements Lower determination limit Upper determination limit

Percent

Iron (Fe)
Magnesium (Mg)
Calcium (Ca)
Titanium (Ti)

0.05
.02
.05
.002

20
10
20
1

Parts per million

Manganese (Mn)
Silver (Ag)
Arsenic (As)
Gold (Au)
Boron (B)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Lanthanum (La)
Molybdenum (Mo)
Niobium (Nb)
Nickel (Ni)
Lead (Pb)
Antimony (Sb)
Scandium (Sc)
Tin (Sn)
Strontium (Sr)
Vanadium (V)
Tungsten (W)
Yttrium (Y)
Zinc (Zn)
Zirconium (Zr)
Thorium (Th)

10
0.5

200
10
10
20
1

10
20
5

10
5

20
5

20
5

10
100

5
10

100
10
50
10

200
10

100

5,000
5,000
10,000

500
2,000
5,000
1,000
1,000

500
2,000
5,000

20,000
1,000
2,000
2,000
5,000

20,000
10,000

100
1,000
5,000
10,000
10,000
2,000
10,000
1,000
2,000
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TABLE 2. Chemical methods used, their lower limits 
of determination, and references.

[aa = atomic absorption; inst = instrumental; si = specific ion; 
s = spectrophotometry; and f = fluorometry; cm = colorimetric]

Element or Determination limit
constituent Method (micrograms/
determined gram or ppm)

Reference

Gold (Au)

Mercury (Hg)

Copper (Cu) 
Lead (Pb) 
Zinc (Zn)

Arsenic (As)

Arsenic (As) 
Antimony (Sb) 
Zinc (Zn) 
Bismuth (Bi) 
Cadmium (Cd)

Fluorine (F) 

Tellurium (Te)

aa

inst

aa 
aa 
aa

cm

aa 
aa 
aa 
aa 
aa

si 

aa

Thallium (Tl) aa

Palladium (Pd) as

0.05

0.02

5
5
5

10

5 or 10 
1 and 2

5
1
0.1

100

0.1

0.2

0.001

Thompson 
and others, 
1968, and 
O'Leary and 
Meier, 1984.

Modification 
of McNerney 
and others, 
1972, and 
Vaughn, and 
McCarthy, 1964,

Ward and 
others, 1969.

Almond, 1953.

Modification of 
Viets, 1978; 
O'Leary and Viets, 
1986; and Ward 
and others, 1963.

Hopkins, 1977.

Chao and 
others, 1978.

Hubert and Lakin, 
1973.

Cooley and others, 
1976.
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